Abstract. Analogical teaching means that the students are taught in a manner with reasonable analogical comparisons of related knowledges in education. For higher education, this method is very useful tool for the college students to gain new knowledge and experience from the teachers and also their past knowledge systems. It is also useful to cultivate the undergraduate students' learning skills and creativities. In the present investigation, two advanced nanotechnologies, electrospinning and electrospraying, are exploited to explain how to carry out analogical teaching for the senior students. Both of them belong to electrohydrodynamic atomization processes. The analogical comparisons not only play an important role in imparting the related generic working principles and material treatment processes to the students, but also in promoting them to discriminate their different details of their fundamental mechanisms for deep learning.
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Background
Analogy is thought to be "the core of cognition", which is a useful process for transferring information or meaning from a particular subject (the analogue or source) to another (the target). It plays a significant role in problem solving such as, perception, decision making, creativity, memory, emotion communication and explanation [1, 2] . It is an important method not only in ordinary language and common sense, but also in philosophy, science, education and also the humanities. Analogical teaching means that the students can be taught in a manner with reasonable analogical comparisons of known knowledges to the unknown ones in education. Often, an analogical comparison can compare a target topic to the students with a topic familiar to them. This teaching approach is very useful in promoting grasp and understanding of the students about the topic contents. Traditionally, the analogical teaching can be divided into six successive steps: 1) introducing the new target concept or knowledge; 2) reviewing the concepts known to the students; 3) finding relevant features of the new and known concepts; 4) comparing the two concepts to find their similarities for easy grasping and understanding; 5) discriminating the differences between the two concepts for deep learning; and 6) drawing a conclusion about the learned materials.
Based on analogical teaching, here we investigated a new analogical strategy for teaching the college students about the two advanced nanotechnologies (electrospinning and electrospraying). These students, majoring in material science and engineering, already have grasped knowledge about nanofabrication and a series of advanced nanotechnologies, such as electrospraying. The analogical comparisons between electrospinning and electrospraying not only let them easily grasp the related theories and working principles of these processes, but also promote them to discriminate the differences between them.
Electrospinning and Electrospraying
Needless to say, the grasp of advanced modern techniques is very important for the college students to expand their knowledge and capabilities for their career. Today, there are many commercial nano-products on the markets, which were produced using the advanced nanotechnologies. Nevertheless, they can be divided into two categories for creating nanomaterials, i.e. the "bottom-up" chemical method (by which nanomaterials are generated from chemical molecules through aggregating, self-assembling or chemical reactions) and the "top-down" physical method (by which naomaterials are produced from the bulk materials at the macroscopic world) [3, 4] .
Both electrospinning and electrospraying belong to the "top-down" nanofabrication approach. Together with e-jet printing, these methods are called together as electrohydrodynamic atomization (EHDA)) [5] . Different with other nanofabrication methods, electro-static energy is directly exploited to remove organic solvents from the working fluid for generating nanoproducts [6, 7] . Liquids can readily interact with electric fields [8] , and these processes rapidly causes drying and solidification of micro-fluid jets, producing nanosize fibers or nanoparticles very rapidly (often on the order of 10 -2 s) [9] . Electrospinning is a useful method for preparing polymeric nanofibers, polymer-based nanocomposites directly and also nanotubes and inorganic nanofibers indirectly during the past two decades. It uses an electrical charge to draw ultra-thin fibers from a liquid. It shares characteristics of both electrospraying and conventional solution dry spinning of fibers. The process is non-invasive and does not require the use of coagulation chemistry or high temperatures to produce solid threads from solution (Fig.1a) . This makes the process particularly suited to the production of fibers using large and complex molecules.
Electrospraying is popular owing to its ability to easily fabricate particles and thin films. A significant feature of electrospraying is its ability to generate particles with a mean diameter that can be varied between hundreds of micrometers and tens of nanometers directly, and other products indirectly, including hollow microspheres, porous films and microbubbles [10] . This is achieved by carefully controlling processing parameters such as flow rate, needle diameter, and applied voltage, as well as the chemical composition and concentration of the solution. The process is simple and straightforward (Fig.1b) . Electrospraying has been investigated for producing materials with applications in a wide range of fields including in the pharmaceutics, ceramics, cosmetics and food industries. 
Analogical Teaching for Imparting the Generic Working Principles
As shown in Figure 1a and also concluded in Table 1 , a typical electrospinning system and a standard electrospraying system comprise almost the same four major components:① a high-voltage power supply, ② a fluid driving device (syringe pump), ③ a capillary for introducing the sprayed fluid, and ④ an earthed collector. Certainly, these four parts act the similar functions during the working processes, e.g. The high-voltage power supply providing a typical voltage ranging from 0 to 60 kV; the spinneret giving a model for generating nanostructures, the syringe pump quantitatively delivering the working liquids; and the collector (often comprising aluminum foil) collecting the final solid products [11, 12] .
Not only the working systems of electrospraying and electrospinning are similar, their start working materials, working principle and final products are all similar to some extent (Table 1 ). All their working fluids are composed of polymer and/or functional ingredients in a volatile organic solvent or a mixture of organic solvents. The fundamental mechanism is based on the interactions between electrical forces and the working liquids. Certainly, categorized into nanotechnology, their final products are mainly solid fibers or particles at moicr-/nano-scale.
Table 1. Comparison of two advanced technologies for nanofabrication's (similarities).

Analogical Teaching for Discriminating the Different Mechanisms and Products
Although electrospinning and electrospraying have many similarities from a general point of view, they do have many differences in the details. These differences are concluded in Table 2 (Fig. 2b) , while electrosprayed products are particles at a micro-/nano-scale. Certainly, their products have a convergence point when the operation conditions are abnormal, which takes a morphology of beads-on-a-string or spindles-on-a-string (Fig. 2c) . However, the first and foremost difference is the details about the fundamental mechanisms. Although a similar electrical energy-liquid interaction process, the working fluids of electrospinning and electrospraying show completely different behaviors under the electrical fields. For electrospinning, when a sufficiently voltage is applied to a droplet of the pumped out working solution, the body of the liquid becomes charged. The electrostatic repulsion counteracts the surface tension and droplet is stretched, at a critical point a stream of liquid erupts from its surface. This point of eruption is the Taylor cone with ach shape. Because the molecular cohesion in the working fluid is sufficiently high, stream breakup does not occur and a charged straight fluid jet is formed. The jet is then elongated by a bending and whipping process caused by electrostatic repulsion initiated at small bends in the fiber, until it is finally deposited on the earthed collector. The elongation and thinning of the fiber resulting from this bending instability leads to the formation of uniform fibers with nanometer-scale diameters [13, 14] . A typical digital image of electrospun nanofibers taken under polarized light using optical microscopy at a magnifications of 40×20 is shown in Fig. 2a .
In sharp contrast, for an electrospraying process, a liquid is fed to a metal capillary at the end of which a droplet is formed. When the droplet is exposed to a strong electric field, a charge is induced on its surface. It first generates near-monodisperse droplets whose size can be varied between a few to hundreds of micrometers. Later, the droplets rapidly shrink due to the fast evaporation of solvents resulting from the Coulombic explosion. The huge surface areas of the micro-droplets provide the possibility for complete of the solvents and the solidification of products. The facile interactions of electrons with fluid solvents accelerate their evaporation. If the solvent in the droplets does not evaporate effectively, they will form thin films on the collector. If the solvent evaporates well, the droplets shrink, and finally solid particles are formed [15, 16] . A typical digital image of micro-/nano-particles taken under polarized light using optical microscopy at a magnifications of 40×20 is shown in Fig. 2a . 
Summary
Today is a nano era, how to explain clearly the nanotechnology to the college students in higher education in a vivid way is very important for training their creativity and arousing their learning interests. With electrospinning and electrospraying as models, we explain how to carry out the analogical teaching in higher education. The analogical comparisons are demonstrated to be a good strategy in transferring knowledge and information about the advanced nanotechnologies to the senior college students. The analogical comparisons not only play an important role in imparting the related generic working principles and material treatment processes to the students about electrospinning and electrospraying, but also in promoting them to discriminate their different details of their fundamental mechanisms for deep learning.
